Inflammatory thermal hyperalgesia is principally mediated through transient receptor potential vanilloid 1 (TRPV1) channels, as demonstrated by prior studies using models of cutaneous inflammation. Muscle pain is significantly different from cutaneous pain, and the involvement of TRPV1 in hyperalgesia induced by muscle inflammation is unknown. We tested whether TRPV1 contributes to the development of mechanical and heat hypersensitivity of the paw in TRPV1 À/À mice after muscle inflammation. Because TRPV1 À/À mice lack TRPV1 at the site of inflammation (muscle) and at the testing site (paw), we do not know whether TRPV1 is important as a mediator of nociceptor sensitization in the muscle or as a heat sensor in the paw. Using recombinant herpesviruses, we reexpressed TRPV1 in TRPV1 À/À mice in primary afferents innervating skin, muscle, or both to determine which sites were important for the behavioral deficits. Responses to repeated application of noxious mechanical stimuli to the hind paw were enhanced in TRPV1 À/À mice; this was restored by reexpression of TRPV1 into skin. Withdrawal latencies to noxious heat were increased in TRPV1 À/À mice; normal latencies were restored by reexpression of TRPV1 in both skin and muscle. Heat hypersensitivity induced by muscle inflammation did not develop in TRPV1
Mechanical hypersensitivity Muscle inflammation Muscle pain Thermal hyperalgesia a b s t r a c t
Inflammatory thermal hyperalgesia is principally mediated through transient receptor potential vanilloid 1 (TRPV1) channels, as demonstrated by prior studies using models of cutaneous inflammation. Muscle pain is significantly different from cutaneous pain, and the involvement of TRPV1 in hyperalgesia induced by muscle inflammation is unknown. We tested whether TRPV1 contributes to the development of mechanical and heat hypersensitivity of the paw in TRPV1 À/À mice after muscle inflammation. Because TRPV1 À/À mice lack TRPV1 at the site of inflammation (muscle) and at the testing site (paw), we do not know whether TRPV1 is important as a mediator of nociceptor sensitization in the muscle or as a heat sensor in the paw. Using recombinant herpesviruses, we reexpressed TRPV1 in TRPV1 À/À mice in primary afferents innervating skin, muscle, or both to determine which sites were important for the behavioral deficits. Responses to repeated application of noxious mechanical stimuli to the hind paw were enhanced in TRPV1 À/À mice; this was restored by reexpression of TRPV1 into skin. Withdrawal latencies to noxious heat were increased in TRPV1 À/À mice; normal latencies were restored by reexpression of TRPV1 in both skin and muscle. Heat hypersensitivity induced by muscle inflammation did not develop in TRPV1
À/À mice; mechanical hypersensitivity was similar between TRPV1 À/À and TRPV1 +/+ mice. Heat hypersensitivity induced by muscle inflammation was restored by reexpression of TRPV1 into both muscle and skin of TRPV1 À/À mice. These results suggest that TRPV1 serves as both a mediator of nociceptor sensitization at the site of inflammation and as a heat sensor at the paw. Ó 2012 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
Introduction
The transient receptor potential vanilloid 1 (TRPV1) channel, a member of the TRP family of ion channels, is a polymodal receptor expressed on sensory neurons. TRPV1 channels are activated by a variety of noxious physicochemical stimuli that lead to inflammatory thermal hyperalgesia [6, 14] . TRPV1 is predominantly expressed in a subset of sensory neurons that send sensory afferents to innervate skin, muscle, joint and viscera [10, 28, 30, 35, 39, 43] . TRPV1 is directly activated by temperatures greater than 43°C, acidic pH less than 6.0, and a variety of endogenous lipid metabolic products. Further, inflammatory mediators such as prostaglandins and bradykinin potentiate TRPV1 mainly through phosphorylation-dependent upregulation of channel function [8,11,25, 44,52]. Such potentiation decreases the TRPV1 channel's temperature-activation threshold, decreases channel desensitization, and increases cell surface expression of the channel protein [1,2,32, 34,44,52]. Further, after tissue injury and inflammation there is increased TRPV1 protein expression in sensory neurons [27, 50] . Overall, TRPV1 serves as a key peripheral sensor of heat and acidic pH under normal physiological conditions.
The most compelling evidence in support of the role of TRPV1 in the development of inflammatory thermal hyperalgesia are deficits in inflammatory thermal hyperalgesia and heat sensitivity of TRPV1 À/À mice [3,6,14]. However, these mice seem to have normal mechanical sensitivity and mechanical hypersensitivity induced by inflammation [3, 6, 14] . In contrast, systemic or intrathecal administration of TRPV1 antagonists in normal animals results in a reversal of both heat and mechanical hyperalgesia [12, 50] . Prior studies in
